INTRODUCTION
Bilateral non-arteritic anterior ischemic optic neuropathy (NAION) is a severe condition leading to irreversible visual loss and inherent handicap. It has been rarely described for patients presenting chronic liver diseases. Different contexts are found such as hepatitis C, therapy side effects, and alcoholic liver diseases (ALD), but never anemia. However, anemia is highly prevalent in ALD patients. The optic nerve head is considered to be a territory of the central nervous system more prone to infarction during decreased blood supply. We describe the case of a patient with ALD who presented bilateral NAION as a first manifestation of severe anemia. We review reported cases of NAION in the context of chronic liver diseases. We discuss all causes, for this case and for ALD general, that contributed to anemia as well as all the mechanisms that led to isolated infarction in both optic nerve heads. 
CASE REPORT
The patient gave written consent for the description of the case and all data have been anonymized.
A 65-year-old woman with a medical history of high blood pressure and alcoholic cirrhosis (Child-Pugh score at B7) was admitted because of a painless and near simultaneous bilateral loss of vision (for 10 days in the right eye and 5 in the left). Slit lamp examination was normal. Fundus exams showed bilateral papilledema with hemorrhages associated with retinal venous tortuosity suggesting a diagnosis of bilateral anterior ischemic optic neuropathy (Fig. 1) . Computerized perimetry showed a general reduction of the visual field around the fixation point for the right eye, and total blindness for the left.
A detailed medical interview did not find a history of headache, intermittent jaw claudication, or any other sign of giant cell arteritis. Physical examination revealed asthenia, a body mass index of 27, very pale skin and hepatomegaly. Blood pressure at admission was low at 8.8/4.6 kPa and the heart rate was 87 bpm.
Blood tests showed a low hemoglobin level at 48 g/L with a normal mean corpuscular volume at 97 fL, a reticulocyte count at 40 G/L, low platelet count at 91 G/L and low ferritin level at 6.9 µg/L. C-reactive protein (3.3 mg/L), gamma glutamyl transferase, glutamic-pyruvic and glutamic-oxaloacetic transaminases, bilirubin, and thyroid-stimulating hormone levels were normal. Vitamin B1 and B6 deficiencies were noted (respectively at 38 nmol/L and 8 nmol/L), with a normal vitamin B12 level (598 pmol/L), low level of low-density lipoprotein cholesterol (1.3 mmol/L), normal preprandial blood glucose level (4.2 mmol/L) and slight hyperhomocysteinemia at 32 µmol/L. Hemostasis exploration showed high prothrombin time and activated partial thromboplastin time, low protein C, S and antithrombin activity (respectively 32, 49 and 40%), no activated protein C resistance, mutation of prothrombin gene, lupus anticoagulants or anticardiolipin antibodies. Serology was negative for human immunodeficiency virus, hepatitis B, C and Lyme disease. The main laboratory results and normal ranges are summarized in Table 1 .
Brain computed tomography showed only cerebellar atrophy without any sign of infarction. Cervical and transcranial Doppler ultrasonography were normal. Liver ultrasonography and thoraco-abdomino-pelvic computed tomography showed a dysmorphic liver with peritoneal ascites without any sign of tumor. Electrocardiogram and transthoracic echocardiography did not find any cause of cardioembolism. Bone marrow aspiration showed normal presence and constitution of precursor cells. A first exploration of the digestive tract including gastroand rectosigmoidoscopy revealed chronic antral petechial gastritis which was held responsible for chronic bleeding. Helicobacter pylori was absent from antral biopsies. Further colonoscopy and gynecologic examination did not find any other cause of bleeding.
The patient underwent an initial emergency blood transfu- 
Tests

Results
Normal ranges
Blood count sion of 2 units of packed red blood cells to obtain a hemoglobin level of 77 g/L and an arterial pressure of 11.3/6.2 kPa. A second transfusion was performed 2 days later. The antral gastritis was treated by a high daily dose of a proton pump inhibitor. Dietary measures with complementary vitamins (B1, B6 and B9) and iron supplements were initiated but we were unable to achieve complete alcohol consumption cessation. After 2 years of follow up, the hemoglobin and arterial pressure levels are stable (around 80 g/L and 11.0/7.0 kPa, respectively). The patient has not presented any other complications, but vision has not been recovered. A control fundus examination suggested poor prognosis showing atrophy of both optic nerves after resorption of papilledema (Fig. 2) .
DISCUSSION
NAION during evolution of chronic liver diseases is rarely reported. Most of cases are about patients with hepatitis C virus infection with two different pathways. The most frequent is related to side effects of interferon alpha therapy. Various ophthalmic complications, including ischemic neuropathy, occur in less than 1% of treated patients. Poor prognosis of NAION, bilaterality in two-thirds of cases in this context, makes authors particularly attentive to this complication. 1 Pathogeny is only assumed. Occlusion of optic nerve head capillaries would be due to immunologic disorders with activation of complement C5 and leucocyte aggregation, deposits of immune complexes, and inflammation of the vessel wall caused by high cytokine levels. 1,2 A role of hypotension promoted by treatment has also been suggested. Vascular risk factors (age, hypercholesterolemia and diabetes mellitus) and crowding optic disc with little cupping are considered as promoting the complication. 2 Ischemic optic neuropathy as tacrolimus side effect has been described once after liver transplantation. 3 Even if cases are barely reported, a direct implication of hepatitis C virus in the development of NAION is also highly suspected. 4, 5 Immune disorders such as vasculitis, cryoglobulins and anticardiolipin antibodies production are suggested. 2 Outside the context of hepatitis C and therapy side effects, only one case of bilateral NAION in a patient with ALD is found. 6 This case differs from ours as the patient presented neither hypotension nor anemia. The authors assumed coagulopathy as a leading cause of bilateral ischemic optic neuropathy. The optic nerve is divided into four anatomical segments successively called intraocular (or optic nerve head), intraorbital, intracanal, and intracranial. Anterior neuropathy is mainly due to ischemia of the optic nerve head (classically called anterior ischemic optic neuropathy). In contrast, the portion behind the eyeball is more often affected by inflammatory disease (usually referred to as retrobulbar optic neuropathy). The optic nerve is supplied by the ophthalmic artery, the first division of the internal carotid artery in the cavernous sinus, and its collaterals called retinal central, long and short posterior arteries. Vascularization of the optic nerve head is ensured by the latter. 7 Etiologies of anterior ischemic optic neuropathy are divided into arteritic (mainly giant cell arteritis) and non-arteritic (hemodynamic, idiopathic causes, etc). Hayreh contends that the optic nerve is a particular territory where embolism cannot be considered as a cause of ischemia and favors rather the hemodynamic theory. 7 NAION is the result of a unique combination of different factors and causes which differs from patient to patient. Each of these factors has a distinct mechanism leading to vascular insufficiency. Classic atherosclerotic risk factors (aging, diabetes mellitus, arterial hypertension, and hypercholesterolemia) and a hyper-coagulation state can increase blood flow resistance in the optic nerve head. However, this pathway usually leads to unilateral NAION and the acquired thrombophilia due to ALD in our patient is more involved in venous thrombosis rather than arterial infarctions. Bilateral simultaneous NAION is extremely rare which suggests intervention of other mechanisms. 7 Thus far, the condition has mainly been described following dialysis and surgery where patients presented hypotension and/or anemia. 8 Hypotension is commonly observed in patients with alcoholic cirrhosis due to an imbalance of vasoconstrictor and dilatators agents, reduced arterial blood volume and autonomic dysfunction. 9 The resulting vasoconstriction of small end arteries supplying the optic nerve head enhanced by vasoconstrictor agents leads to watershed infarctions. Visual loss is typically described on patient awakening as hypotension is deeper during sleep. 7 Cerebral magnetic resonance imaging would have been of interest in our case to detect asymptomatic infarctions. However, blood flow in the brain is supported by a very efficient self-regulation system and can be maintained despite a marked decrease in arterial pressure. 9 The most significant anomaly observed on our patient's admission was severe anemia as we related it to the bilateral NAION. Severe anemia reduces the oxygen-carrying ability of the blood flow. Moreover, macrocytosis and modification of erythrocyte deformability compromise the microvascular supply. 10 However, it is difficult to ascertain direct causality between anemia and NAION. Indeed, as in our case, severe anemia is associated with hypotension which is a sufficient condition to promote bilateral NAION. Moreover, the patient was found to have nutritional vitamin 6 deficiency resulting in high homocysteine levels which have been associated with NAION through activation of the clotting cascade. 11 Nevertheless, certain elements would seem to incriminate anemia. In our case, the anemia was more severe than the hypotension. Two cases of ischemic optic neuropathy, one of which was bilateral, have been described in the context of isolated anemia without hypotension. 8, 12 Moreover, reduced oxygen delivery to the optic nerve in the context of anemia has been shown in animal models. 13 The prevalence of anemia in patients with ALD is reported as ranging from 40 to 90% depending on the diagnostic criteria. 14, 15 Three main mechanisms emerge from literature: bleeding and iron deficiency, a defect in bone marrow erythroblast production and hemolytic anemia. Anemia due to bleeding is nearly always encountered in the context of acute massive hemorrhage caused by disruption of esophageal varices and portal hypertension. Chronic anemia with iron deficiency due to insidious bleeding, as in our patient, is much less reported and certainly underestimated. This can be due to blood seeping out of dilated vessels due to portal hypertension. In our patient, bleeding was from antral gastritis resulting from both alcohol consumption and cirrhosis. This emphasizes the importance of attentive exploration of the gastro-intestinal tract dur-ing endoscopy including exploration for colon cancer. Folate deficiency, because of malnutrition with insufficient food intake and reduced jejunal absorption, is commonly described as the cause of erythroblast production defect in the bone marrow. Vitamin B6 deficiency has also been incriminated. 16 Furthermore, toxicity of the alcohol itself has been highlighted in literature as directly inhibiting erythroblast synthesis and producing abnormal precursor cells leading to acquired sideroblastic anemia. 17 Mechanisms of hemolytic anemia in ALD are not autoimmune. Hemolysis is the result of splenic sequestration and abnormal membrane of the erythrocytes, described as spur cells, promoting destruction. 14, 15, 18 Hemolytic anemia can also be found in the Zieve syndrome associating jaundice, hyperlipidemia and alcoholic steatohepatitis but the pathogeny remains poorly understood. 19 In addition to these three leading mechanisms, inflammation developed in ALD may contribute to anemia. Severe anemia in our patient required urgent blood transfusion to prevent other systemic infarctions and cardiovascular complications. Description of the various causes and pathophysiological mechanisms of anemia in ALD implies etiological treatment and stopping alcohol appears to be much more important than simple iron and vitamin supplementation. 20 The chronic feature of anemia in our case led to compensatory mechanisms with no, or few, clinical symptoms before such a severe and irreversible complication as blindness. This emphasizes the importance of detecting anemia in ALD patients.
In conclusion, anemia is a frequent, multi-etiological complication of ALD which can be difficult to detect due to a long and progressive onset. This can result in dramatic complications such as bilateral NAION which is the result of reduced oxygen delivery and vascular insufficiency due to inherent hypotension. Hemoglobin levels should therefore be routinely monitored as part of ALD patient management. Mechanisms of anemia are directly linked to alcohol toxicity and hepatopathy which reinforces the importance of stopping alcohol consumption as part of the therapeutic strategy.
